In order to establish a specific identification method for genetically modified (GM) wheat, exogenous insert DNA and flanking sequence between exogenous fragment and recombinant chromosome of GM wheat B73-6-1 were successfully acquired by means of conventional polymerase chain reaction (PCR) and thermal asymmetric interlaced (TAIL)-PCR strategies. Newly acquired exogenous fragment covered the full-length sequence of transformed genes such as transformed plasmid and corresponding functional genes including marker uidA, herbicide-resistant bar, ubiquitin promoter, and high-molecular-weight gluten subunit. The flanking sequence between insert DNA revealed high similarity with Triticum turgidum A gene (GenBank: AY494981.1). A specific PCR detection method for GM wheat B73-6-1 was established on the basis of primers designed according to the flanking sequence. This specific PCR method was validated by GM wheat, GM corn, GM soybean, GM rice, and non-GM wheat. The specifically amplified target band was observed only in GM wheat B73-6-1. This method is of high specificity, high reproducibility, rapid identification, and excellent accuracy for the identification of GM wheat B73-6-1.
Introduction
Due to the massive plantation and wide application of genetically modified organisms (GMOs), appropriate laws and regulations for strengthening the management of importation and exportation of transgenic plants and corresponding products are being developed all over the world. The analytical methods for genetically modified (GM) food and feed products are essential to safety evaluation [1] and GMO detection has become an important market-accessing indicator. Wheat is a major source of food all over the world. Its plantation area, total production, and total trade volume have become the first rank among various types of crops. Therefore, the development of GM crops has gained tremendous attention [2] . Since the first transgenic wheat was developed in the USA in 1992, the GM wheat has been extensively studied in the aspects of insect resistance, drought resistance, anti-virus capability, male sterility, and quality improvement [3] [4] [5] [6] [7] .
GM wheat B73-6-1 was first produced by Barro et al. [4] through transforming p1Dx5 and pAHC25 plasmids into common wheat. The p1Dx5 plasmid carries the high-molecular-weight gluten subunit gene which can increase dough strength and stability, resulting in improved wheat quality. The pAHC25 plasmid carries the marker gene, uidA, and herbicide-resistant bar gene.
In the present study, the primers were designed on the basis of the known exogenous genes such as uidA, bar, and promoter ubiquitin to obtain the insert DNA fragment through polymerase chain reaction (PCR) amplification and corresponding gene sequencing. The insert DNA fragment and the flanking sequence between exogenous gene and recombinant wheat chromosome of GM wheat B73-6-1 were amplified through chromosome walking method on the basis of designed primers. Subsequently, according to the sequence information, a pair of primers on the basis of exogenous fragment and wheat endogenous chromosomal sequence was designed for the event-specific detection of GM wheat B73-6-1.
Materials and Methods
Experimental materials GM wheat B73-6-1, B72-8-11b and B102-1-2 were kindly supplied by Professor Guangyuan He of Huazhong University of Science and Technology (Wuhan, China). GM corn Bt176, MON88017 and MIR604, GM soybean 89788, and GM rice LLRice62 were purchased from American Oil Chemists' Society (AOCS, Urbana, USA). Non-GM wheat Shanlong19 and Liaochun23 were supplied by Shenyang Agricultural University (Shenyang, China).
Genomic DNA extraction
The seeds of GM wheat B73-6-1 were grinded into powder in liquid nitrogen. The genomic DNA was extracted and purified using DNA extraction kit of GMO detection Ver2.0 (No. D9093; TaKaRa, Dalian, China). The extracted genomic DNA was disolved in 100 ml of Tris EDTA (TE) solution. The concentration of the purified DNA samples was measured by an ultraviolet -visible spectrometer (ND-1000; NanoDrop, Wilmington, USA), and its quality was evaluated by 1% (w/v) agarose gel electrophoresis.
Characterization of exogenous gene elements
The inserted DNA of GM wheat B73-6-1 was analyzed by means of conventional PCR. Four pairs of target-specific primers were designed and used to amplify the exogenous insert DNA of GM wheat B73-6-1. The primer information was shown in Table 1 according to the SN/T 1943-2007 protocol of PCR and real-time PCR for the qualitative detection of GM components in transgenic wheat. Four exogenous gene fragments were amplified by using LA Taq w (No. DRR002A; TaKaRa) and then sequenced to obtain the corresponding gene elements.
The genomic DNA from B73-6-1 was used as template and cross-matching of primers listed in Table 1 were used for PCR amplification under various conditions. The PCR products were evaluated by 1% agarose gel electrophoresis and the target product was purified by agarose gel DNA purification kit Ver2.0 (No. DV805A; TaKaRa) and then sequenced.
Flanking sequence between exogenous fragment and recombinant wheat chromosome determined by chromosome walking method Four arbitrary degenerate primers (AP1, AP2, AP3, and AP4) were used for analyzing the exogenous insert and its flanking sequence by means of thermal asymmetric interlaced-PCR (TAIL-PCR). Three sets of target-specific primers ( Table 2 ) for TAIL-PCR were designed on the basis of the sequence presented in exogenous insert of GM wheat B73-6-1, and detailed locations were shown in Fig. 1 . TAIL-PCR included three sequential PCR reactions. The specific steps were shown in Supplementary Table S1 .
Full-length sequence analysis Sequence analysis was determined by BLAST program in GenBank database (http://www.ncbi.nlm.nih.gov/BLAST) to distinguish the exogenous gene element, plasmid sequence, and flanking sequence between exogenous fragment and recombinant chromosome.
Establishment of event-specific PCR identification
On the basis of determined sequence, event-specific primers were designed to establish the event-specific PCR assay for GM wheat B73-6-1 ( Table 3) .
The event-specific PCR was run with the final volume of 50 ml. Each reaction contained the following reagents: 5 ml of 10Â LA PCR buffer II (Mg 2þ plus), 8 ml of dNTP mixtures (2.5 mM each), 0.5 ml of F-primer (20 mM), 0.5 ml of R-primer (20 mM), 0.5 ml of TaKaRa LA Taq w polymerase 
a ubiquitin is only used for the screening of multiple samples without corn and single wheat sample. (5 U/ml), 1 ml of genomic DNA (diluted to 250 ng/ml), and 34.5 ml dH 2 O. The PCR amplification program was as follows: 1 cycle of 1 min at 948C; 10 s at 988C, 30 s at 558C, 30 s at 728C, 35 cycles; 7 min at 728C, 1 cycle. Totally 10 ml of PCR amplified products were loaded on 2% agarose gel with 100 bp ladder DNA marker and DL2000 DNA marker as the control. The electrophoresis was conducted at the voltage of 3-5 V/cm for 20-40 min.
Results
Characterization of exogenous insert in GM wheat B73-6-1 To reveal the detailed information of transgenic cassette organization in GM wheat B73-6-1, conventional PCR was used to amplify each possible exogenous gene element. As shown in Fig. 2 , GM wheat B73-6-1 had exogenous genes of NOS, bar, uidA and ubiquitin. Then, multiple PCR amplifications were performed using the genomic DNA from GM wheat B73-6-1 and the cross-matching pairs of F/R-primers listed in Table 1 under various reaction conditions. The amplified target gene was purified and the flanking sequences were obtained. Sequencing results indicated that the sequence between ubiquitin F and uidA R was consistent with that of PCR-specific amplification (Fig. 3) . Therefore, the exogenous sequence was successfully amplified from ubiquitin and uidA. Based on the sequence acquired from ubiquitin F and uidA R, primers for TAIL-PCR were designed for the extension of 5 0 and 3 0 ends and flanking sequences were obtained. Similarly, the newly acquired sequences were used for the continuous design of primers and PCR amplification. Finally, a 14,691-bp sequence of GM wheat B73-6-1 was obtained.
Sequence analysis of full-length gene
The obtained gene sequence with 14,691 bp was subjected to the comparative analysis by BLAST program in GenBank database. The flanking sequence between insert DNA showed high similarity with Triticum turgidum A gene (GenBank: AY494981.1). The fragments 1-430, 404-2468, 2477-4500, 4503-7178, 7177-8377, 9179-11,784, and 1178-14,691 bp were the sequences of wheat endogenous chromosome, exogenous uidA gene, exogenous ubiquitin gene, exogenous lacZ gene, exogenous 1Dx5 gene, exogenous coli gene, and wheat endogenous chromosome, respectively, as shown in Fig. 4 . The 14,691 bp sequence from GM wheat B73-6-1 has been applied for patent protection. PCR-specific identification of GM wheat B73-6-1 According to the acquired gene sequence (14,691 bp), event-specific primers were designed from 342 to 365 bp of wheat endogenous chromosome and 836-861 bp of transformed exogenous gene as B73-FF1 and B73-FR1, respectively; 10,907-10,932 bp and 12,242-12,266 bp as B73-RF1 and B73-RR1, respectively. These primers were used to establish the event-specific PCR assay for GM wheat B73-6-1. In addition, GM wheat B72-8-11b, GM wheat B102-1-2, GM corn Bt176, GM corn MON88017, GM corn MIR604, GM soybean 89788, and GM rice LLRice62, as well as non-GM wheat Shanlong19 and Liaochun23 were used as the templates for validating specific PCR detection. Results revealed that in the established event-specific PCR assay, only one expected 519-bp DNA fragment was obtained from GM wheat B73-6-1 by using primers of B73-FF1 and B73-FR1 (Fig. 5) , and no amplified products were observed in other crops. Similarly, the specifically amplified product with the size of 1334 bp was observed in GM wheat B73-6-1 while using primers of B73-RF1 and B73-RR1, although some other non-specific amplified products were also detected. Therefore, the primers of B73-FF1 and B73-FR1 were chosen as eventprimers for the detection of GM wheat B73-6-1.
Discussion
Because wheat is a heterologous hexaploid crop, its genome contains A, B, and D chromosomes. Among these chromosomes, An, Bn, and Dn showed strong complementary characteristics and the genetic mechanism of wheat is complicated [8] [9] [10] , which resulted in more difficulties in the studies of transgenic wheat. GM wheat B73-6-1 was successfully established by Barro in 1997 through transforming plasmids pAHC25 and p1Dx5 into common wheat. However, the information associated with molecular characteristics of GM wheat B73-6-1 is not comprehensive, and no method is available for its detection at present. Genome walking technology, named as the acquisition of flanking sequences, is a method or process that gradually explores neighboring unknown sequences or nucleotide compositions of target sequence with linear relationship of known sequences through genome or genomic library [11, 12] . Because the genome sequencing has been completed in only a few species such as human, mouse, nematodes, rice, and Arabidopsis, the flanking sequences of known species can be easily found in the database. However, as for a wide variety of species, the DNA sequences of both ends in known region can be obtained only by genome walking technology before the genomic DNA sequences are fully elucidated. TAIL-PCR is the most commonly used method [13] . Its basic principle is to design three special primers such as sp1, sp2, and sp3 primers through the known target sequence. Then, these primers can be combined with one arbitrary degenerate primer with low T m . The asymmetric temperature cycling is designed according to the lengths or differences of various primers. Moreover, the stepwise reactions can be completed through specific amplification. The fragments obtained can be directly used as the sequencing template. TAIL-PCR is simple, efficient, and sensitive with high specificity of reaction products, and the repeatable target fragments can be obtained in a short period of time. The selection of the specific primers and the arbitrary degenerate primers of TAIL-PCR could directly affect the amplification effect, so the primer design is one of the most important aspects of this method. Currently, the promoter sequence of H þ -ATPase gene from wheat powdery mildew resistance gene [14] and homologous sequence RGA of leaf rust resistance with the size of 1915 bp [15] have been successfully cloned by TAIL-PCR method.
Huo et al. [16] also reported a ligation-mediated PCR to obtain the GM wheat B73-6-1 flanking sequences. The ligation-mediated PCR needs more comprehensive carrier and restriction maps information to determine the target PCR product bands. Due to limited information, there is a little blindness in operation. Moreover, how to suppress non-target amplification of joint-to-joint connector is also a problem in ligation-mediated PCR. Huo et al. reported that a 4500-bp flanking sequence of GM wheat B73-6-1 was obtained, but failed to give the information of the insert exogenous sequences.
In the present study, a 14,691 bp of detailed GM wheat B73-6-1 exogenous sequences functional information was obtained. An event-specific PCR identification method for GM wheat B73-6-1 has been established, which provides an effective method for the specific identification of GM wheat B73-6-1. Figure 5 Amplification of some samples subjected to PCR-specific detection 1, 100 bp DNA ladder marker; 2 and 7, Liaochun23; 3 and 8, B72-8-11b; 4 and 9, B102-1-2; 5 and 10, B73-6-1; 6, Shanlong19; 11, DL2000 DNA marker.
